INTRODUCTION {#sec1-1}
============

Coffee and tea are widely consumed in the world. Chlorogenic acid (CGA), the most bioactive compound in the green coffee bean, exert as antidiabetic and anti-dyslipidemia.\[[@ref1]\] CGA may modulate lipids and glucose metabolism, which related to Peroxisome Proliferator- Activated Receptor α (PPARα) function such as facilitating lipid clearance in the liver, improving insulin sensitivity, and affecting PPARα and adenosine monophosphate kinase (AMPK) gene expression.\[[@ref2]\]

Epigallocatechin gallate (EGCG), known as EGCG, an essential flavonoid elements in green tea leaf, exert as anti-hyperglycemia and anti-dyslipidemia.\[[@ref3]\] Many studies suggested the beneficial effect of tea consumption in alleviating hyperglycemia and dyslipidemia through some metabolic pathways. The previous study showed that EGCG improved AMPK phosphorylation, suppression of hepatic gluconeogenesis, and increased PPAR α gene expression in metabolic syndrome.\[[@ref4]\]

The combination of green coffee and green tea extract administration showed better effects on metabolic profile improvement on metabolic syndrome rat model through hepatic PPARα and AMPK gene expression.

SUBJECTS AND METHODS {#sec1-2}
====================

Animal care and experimental protocol {#sec2-1}
-------------------------------------

Twenty-five Sprague--Dawley rats were purchased from the department of drug and food control, Indonesia. They were placed in the standard cages with maintained temperature of 25° ± 1°C, standard humidity at 50% ± 1%, and 12 h light/dark cycle. All rats were acclimated during a week. They consumed a standard pellet diet and drank fresh water *ad libitum*. Metabolic syndrome rats obtained a diet with high sucrose and high fat during 8 weeks and injection of streptozotocin (30 mg/bw.t) through intraperitoneal in the 2^nd^ week.\[[@ref5]\]

The metabolic syndrome rats were defined regarding to the National Cholesterol Education Program Adult Treatment Panel III NCEP ATP III criteria as follows: (1) high blood glucose (\>126 mg/dL), (2) high triglyceride (TG) (\>150 mg/dL), (3) high systolic blood pressure (≥140 mmHg), and (4) low high-density lipoprotein (HDL) levels (\<40 mg/dL).\[[@ref5]\] Furthermore, the rats was subdivided into five groups (*n* = 5): the standard group (normal), metabolic syndrome (SM), 200 mg/kg bw.t green coffee bean extract (GC), 300 mg/kg bw.t green tea extract (GT), and combination of 200 mg/kg bw.t green coffee bean extract and 300 mg/kg bw.t green tea extract (CM). The extract was given daily through the oral gavage. Extract dose was given using a formula based on the body weight. The intake of food and water were daily recorded. After 9 weeks, the animals were euthanized using diethyl ether following a 12 h period of fasting. The samples of blood were obtained from the heart and then transferred into a microcentrifuge tube, and serum samples were separated after the centrifugation.

Extraction of green coffee bean {#sec2-2}
-------------------------------

*Coffea canephora* robusta was roasted by automatic coffee roaster at 180°--200°C until the first crack. Furthermore, the coffee bean was mashed with a coffee grinder and then macerated by ethanol 95% to obtain the raw extract. Furthermore, the raw extract was filtered through a filter cloth to separate the liquid phase from the solid phase. Moreover, the liquid phase was concentrated using a rotary evaporator on the temperature of ±40°C. Finally, column chromatography was completed using silica gel C18 11% to attract bioactive compounds and to separate them from other substances.

Extraction of green tea {#sec2-3}
-----------------------

Green tea extracted from the young green tea leaf. Green tea leaf weighed 500 g was dried using a cabinet dryer (temperature of 50° C) for 8 h to obtain green tea with 8%--10% water content. The green tea was mashed with a blender and then boiled at 80°C for 30 min. The crude extract was filtered using a filter cloth to separate the liquid phase from the solid phase. The liquid phase was concentrated using a rotary evaporator on the temperature of ±40°C. Finally, column chromatography was completed using silica gel C18 11% to attract bioactive compounds and to separate them from other substances, and then, the filtered product was evaporated.

High-performance liquid chromatography analysis {#sec2-4}
-----------------------------------------------

CGA in the extract of green coffee and EGCG in the green tea extract were analyzed by the high-performance liquid chromatography (HPLC) system (Shimadzu Corporation, Japan).

Doses of determination {#sec2-5}
----------------------

Green coffee extract and green tea extract doses were determined from the preliminary study in our laboratory. The optimum dose was 200 mg/bw.t for green coffee extract and 300 mg/bw.t for green tea extract.\[[@ref6][@ref7]\]

Biochemistry analysis {#sec2-6}
---------------------

The fasting blood glucose (FBG), TG, and HDL levels in serum were analyzed enzymatically by commercial kits (Biolabo, France).

Measurements of systolic blood pressure {#sec2-7}
---------------------------------------

A tail-cuff sphygmomanometer technique was used to measure the rat systolic blood pressure at the baseline and at the end of the study. The measurements were taken consecutively three times, and the average was calculated and taken as a final reading for spontaneous bacterial peritonitis (SBP).

Isolation of RNA and reverse transcription polymerase chain reaction {#sec2-8}
--------------------------------------------------------------------

RNA was obtained from tissues of the liver and isolated using the easy-BLUE (Intron Biotechnology) according to the factory standard protocol. Reverse transcription reaction was converted by ReverTra Ace-α kit (Toyobo, Japan). Furthermore, the RNA expression levels were carried out using polymerase chain reaction (PCR) LightCycler 96 system (Takara, Japan) with a GoTaq PCR Kit (Promega, Madison, USA) based on the recommended protocols from the manufacturer. The sequences of primer were as follows: beta-actin, forward: 5\'-CGAGTACAACCTTCTTGCAG-3\' and reverse: 5\'-CATTGTAGAAAGTGTGGTGC-3\'; PPARα, forward: 5\'-TATTTATTGCATCCAGTGGG-3\' and reverse: 5\'-ATGTTTCCCATCTCTTGTAA-3\'; and AMPK-α2, forward: 5\'-ATCAATTGACAGGCCATAAA-3\' and reverse: 5\'-AGATGTAGTCGAACAATTCA-3\'.

Statistical data analysis {#sec2-9}
-------------------------

The data were presented as mean values ± standard deviation (SD). Independent *t*-test with significant *P* \< 0.05 was applied to the data.

RESULTS {#sec1-3}
=======

The metabolic syndrome rats in this study were characterized by obesity, high systolic blood pressure, high TG, hyperglycemia, and low HDL cholesterol, as shown in [Table 1](#T1){ref-type="table"}. These characteristics were similar to metabolic syndrome characteristics in humans, as stated by the NCEP ATP III criteria.

###### 

Baseline characteristics

  Variables         Normal        SM             *P*
  ----------------- ------------- -------------- -------
  Body weight       295.80±5.11   352.95±35.23   0.000
  FBG               94.50±18.59   244.90±28.59   0.004
  TG                84.00±2.94    278.40±58.20   0.000
  HDL cholesterol   42.75±2.36    32.37±5.76     0.002
  SBP               123.25±5.31   151.35±6.53    0.000

Values are presented as mean±SD, *n*=5. SBP: Systolic blood pressure, FBG: Fasting blood glucose, TG: Triglyceride, HDL: High-density lipoprotein, SD: Standard deviation, SM: Metabolic syndrome

The concentration of CGA and caffeine in green coffee extract and EGCG in green tea extract {#sec2-10}
-------------------------------------------------------------------------------------------

The green coffee extract HPLC analysis showed that the CGA concentration was 27.134 μg/g green coffee extract. Furthermore, the epigallocatechin-3-gallate concentration was 74.126 μg/g in the extract of green tea.

Green coffee and green tea extract combination effect on metabolic syndrome parameters improvement {#sec2-11}
--------------------------------------------------------------------------------------------------

Green coffee and green tea extract effects on metabolic syndrome improvements were presented in [Table 2](#T2){ref-type="table"}. The level of FBG, TG, and HDL was not statistically different among all groups at the baseline. The CM group showed a significant improvement in FBG and TG level compared to that of SM group at the end of the study. The systolic blood pressure was not statistically different among all groups at the baseline. The CM group showed a significant improvement in systolic blood pressure compared to that of the SM group in the end of the study.

###### 

Green coffee extract and green tea extract combination effects on metabolic profile and systolic blood pressure

  Variables         SM            GC            GT            CM
  ----------------- ------------- ------------- ------------- ---------------------
  FBG               283.2±31.92   218±15.73     213.4±8.70    186.20±13.99^a,b,c^
  TG                317.80±6.80   209.40±2.51   190.06±2.73   160.80±14.04^a,b,c^
  HDL cholesterol   30.80±3.11    44.20±3.49    46.20±8.01    47.00±3.67^a^
  SBP               163±11.11     142.2±3.56    144.2±8.52    146.56±13.41^a^

Values are mean ± SD, n = 5. ^a^*P*\< 0.05, compared to the SM group. ^b^*P*\< 0.05, compared to the GC 200 group. ^c^*P*\< 0.05, compared to the GT group SM, Metabolic syndrome Induces; GC, Metabolic syndrome with green coffee extract 200 mg/kg.bw.t; GT, Metabolic syndrome with green tea extract 300 mg/kg.bw.t CM, Metabolic syndrome with green coffee extract 200 mg/kg.bw.t and green tea extract 300 mg/kg.bw.t. SBP: Systolic blood pressure, FBG: Fasting blood glucose, TG: Triglyceride, HDL: High-density lipoprotein, SD: Standard deviation

Green coffee bean and green tea extract combination effect on gene expression in the liver {#sec2-12}
------------------------------------------------------------------------------------------

The effects of green coffee bean and green tea extract combination on PPARα and AMPKα2 showed in [Figure 1](#F1){ref-type="fig"}. In the liver tissue, the GC, GT, and CM group showed a significantly higher expression of AMPKα2 and PPARα compared to those of the SM group. Furthermore, the CM group showed significantly higher PPARα and AMPKα2 gene expression compared to that of GC and GT group (*P* \< 0.05).

![Green tea and green coffee bean extract combination effect on Peroxisome Proliferator-Activated Receptor α (a) and adenosine monophosphate-activated protein kinase α2 (b). Values are presented as mean ± standard deviation, *n* = 5. a: *P* \<0.05 compared to the SM group. b: *P* \< 0.05 compared to the GC group. c: *P* \<0.05 compared to the GT group. SM: Metabolic syndrome, GC: Metabolic syndrome with green coffee extract 200 mg/kg. bw.t, GT: Metabolic syndrome with green tea extract 300 mg/kg. bw.t, CM: Metabolic syndrome with green coffee extract 200 mg/kg. bw.t and green tea extract 300 mg/kg. bw.t](JAPTR-11-81-g001){#F1}

DISCUSSION {#sec1-4}
==========

This is the first study that showed the synergistic effects of green coffee bean and green tea extract combination on metabolic syndrome improvement by affecting AMPK and PPARα gene expression. This study revealed that administration of 200 mg/kg bw.t green coffee bean extract and 300 mg/kg bw.t green tea extract for 9 weeks improved metabolic profile in the metabolic syndrome rat model. This study showed that green tea and green coffee extract combination increased the hepatic tissue of AMPK-α2 and PPARα gene expression.

AMPK is the primary sensor and modulator of energy homeostasis in cells. AMPK activation induces liver and heart fatty acid oxidation; suppresses cholesterol, fatty acid, TG synthesis; activates fatty acyl-CoA beta-oxidation; and increases glucose uptake.\[[@ref8]\] Moreover, the administration of green tea and green coffee extract combination resulted in a more considerable effect on AMPK gene expression. EGCG, as the primary polyphenol in green tea extract, increased not only the AMPK gene expression but also its activation through LKB1 in the hepatic tissue.\[[@ref9]\] Furthermore, CGA, as the primary polyphenol in the green coffee extract, increased expression and activation of all AMPK gene.\[[@ref10]\] The improvement of AMPK gene expression and activation resulted in better improvement of insulin resistance.

Energy balance regulation is modulated by PPARα through energy expenditure regulation.\[[@ref11]\] PPARα plays an essential role in the homeostasis of lipid, fatty acid oxidation, and glucose metabolism.\[[@ref12]\] Activation of PPARα rises HDL levels in plasma, transports HDL particles from peripheral tissues to the liver, and decreases TG level in plasma. Therefore, PPARα agonists inhibits dyslipidemia in metabolic syndrome.\[[@ref13]\]

Recently, this study showed that green coffee and green tea extract combination administration resulted in more considerable expression of PPARα gene compared to that of green tea or green coffee alone. It was revealed that green tea and green coffee combination work synergistically in PPARα gene improvement.

Recently, this study showed that a combination of 200 mg/kg bw.t of green coffee bean extract and 300 mg/kg bw.t green tea extract was the effective dose in improving fasting blood glucose and TG level in a rat model of metabolic syndrome. However, no significant differences observed in HDL-cholesterol among all interventional groups. This study showed that AMPK and PPARα pathway mediated the synergistic effect of green coffee and green tea extract combination as anti-hyperglycemia and anti-dyslipidemia.

EGCG in green tea extract had hypolipidemic effects that modulate PPARα gene expression. EGCG effect on PPARα and its target gene expression resulted in reduced plasma TG, hepatic lipid accumulation, LDL cholesterol levels, and body fat mass.\[[@ref14][@ref15]\] It suggested that EGCG may act as key modulator of PPARα in hepatic fatty acid oxidation that alleviates hyperlipidemia.

CGA from green coffee extract also had hypoglycemic and hypolipidemic effects. The previous study reported that green coffee extract administration in C57BL mice reduced serum glucose, TG level after 6 weeks that significantly lower compared to that of the HFD group.\[[@ref16]\] It was showed that CGA might regulate glucose and lipid metabolism through PPARs activation in rats.\[[@ref17]\]

This study also demonstrated that green coffee and green tea combination administration had a slight blood pressure-lowering effect. The blood pressure-reducing effect of green coffee extracts was first reported in spontaneously hypertensive rats (SHR).\[[@ref18]\] The previous study by Panchal *et al*. demonstrated oral administration of 5% aqueous coffee extract during 8 weeks reduced the SBP by 10--15 mmHg from the baseline.\[[@ref19]\] Hypotensive effect of green tea extract rich EGCG improved endothelial in SHR. Therefore, green tea extract administration improved the systolic blood pressure.\[[@ref20]\]

CONCLUSIONS {#sec1-5}
===========

Green coffee and green tea extract combination administration improved the metabolic profile and blood pressure on metabolic syndrome through affecting PPAR-α and AMPK-α2 gene expression.

Financial support and sponsorship {#sec2-13}
---------------------------------

This work supported by Ministry Technology and Higher Education of the Republic of Indonesia.

Conflicts of interest {#sec2-14}
---------------------

There are no conflicts of interest.

We would like to thank for Research and Community Service Department Faculty of Medicine, Research and Community Service Brawijaya University, Molecular Biology Laboratory of Department of Biology Mathematics and Natural Sciences, Ministry of Technology and Higher Education of the Republic of Indonesia.
